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An important aspect of nanotechnology is the development of a reliable and ecofriendly method for the synthesis of 
nanomaterials. In the present study, Sargassum tenerrimum extract was used to synthesize gold nanoparticles (AuNPs) by the 
reduction of AuCl4− ions to Au0. The formation and morphology of the synthesized AuNPs were investigated using \UV–visible spectroscopy, Fourier transform infrared spectroscopy, transmission electron microscopy, X-ray diffraction, and field emission 
scanning electron microscopy with energy dispersive X-ray analysis. The nanoparticles synthesized at 60 °C were spherical in 
shape while few were also hexagonal in shape with the size ranging between 10 and 40 nm. The antibacterial activity of AuNPs 
was tested against Escherichia coli (ATCC 25922) and Salmonella typhi (ATCC 6539). On examination under an epifluorescence 
microscope, it was found to cause a significant amount of deterioration to the bacterial cells.  
[Keywords: Sargassum tenerrimum; Escherichia coli; Salmonella typhi; Gold nanoparticles; Biosynthesis; Electron 
microscopy; Antibacterial activity] 
Introduction  
Nanotechnology is combined physical and 
chemical principle that provides the tools and 
technology of biological systems, whereas biology 
offers inspiration models and bioassembled 
components to nanotechnology. Green nanochemistry 
aims at designing, developing, and implementing 
nanomaterials using various ecofriendly methods1.  
Of all the noble metals, gold is found to be the most 
effective to be modulated in nano size range for 
specific applications. Gold nanoparticles (AuNPs) 
have potential applications in optoelectronics2, drug 
delivery3,5, catalysis6, biosensors7,8, SERS detection9, 
and photo thermal therapy10. The AuNPs that are 
synthesized with a biological base are interesting 
because they exhibit good compatibility with 
biomolecules11. There have been numerous reports on 
the synthesis of AuNPs using algae, microorganisms, 
and plants12,18. Seaweeds are considered to be 
nutritious and they have been used for a wide range of 
remedial purposes, namely, (i) eczema, (ii) gallstone, 
(iii) vermifuges, (iv) stomach ailments, (v) gout,  
(vi) cancer, and (vii) renal disorders19,23. Since 
phytochemicals act both as a reducing and as a 
stabilizing agent, there is no need to add external 
stabilizing/capping agents. The reaction mixture is 
further incubated to reduce metal salt and visually 
monitored by color change24. Brown seaweeds 
appreciably differ from other algae and terrestrial 
flora in their composition25,26, Sinha et al. reported 
that S. tenerrimum contains two different types of 
polysaccharides, namely, alginic acid and fucoidan, 
and has an antiviral activity against HSV-127. Owing 
to their large surface area, nanoparticles show 
excellent antimicrobial activity, thus providing better 
contact with the microorganisms28,30. In the present 
investigation, we have studied S. tenerrimum-
mediated synthesis of AuNPs and also its antibacterial 
activity against Gram negative bacteria, such as  
E. coli and S. typhi. 
 
Materials and Methods  
Materials 
Fresh S. tenerrimum seaweed was collected from 
Mandapam, Rameswaram, east coast of India. The 
collected seaweed was cleaned with double H2O, 
shade-dried, ground to powder, and stored for further 
studies. Chloroauric acid (HAuCl4.3H2O) was 
obtained from Loba Chemie. Muller hinton agar 
(MHA) and nutrient broth (NB) were obtained from 
HiMedia laboratories. All other reagents used in the 
reaction were of analytical grade with maximum 
purity. Escherichia coli (ATCC 25922) and 
Salmonella typhi (ATCC 6539) were purchased from 
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American-type culture collection (ATCC) and 
subjected to antibacterial activity. 
 
Preparation of seaweed extract and synthesis of 
AuNPs 
S. tenerrimum seaweed extract was prepared by 
taking 3 g of dry seaweed powder with 30 mL of 
distilled water in a conical flask along with 3 mL of 
methanol. Further, the extract was placed in an orbital 
shaker for 1 h and filtered using Whatman No.1 filter 
paper. For the synthesis of AuNPs, different 
concentrations (0.5, 1.0, 1.5, 2.0, and 2.5 mL) of  
S. tenerrimum extract were added to 5 mL of 1 mM 
chloroauric acid and the solution was kept in a water 
bath at 60 °C for 10 min for the reduction of Au3+ to 
Au0. The reaction was rapid as a ruby red color 
appeared within 10 min thus confirming the formation 
of AuNPs and there was no further color change. 
 
Characterization of AuNPs 
UV–visible (UV-vis) spectra were recorded using 
Shimadzu UV 1800 UV visible spectrophotometer 
with 10-fold dilution of distilled water. Fourier 
transform infra-red (FT IR) spectrophotometer was 
used to identify the functional molecules at a 
resolution of 4 cm−1 in the range of 4000–450 cm−1 
and the FTIR spectrum was recorded by employing 
KBr pellet technique using a Perkin Elmer model–
983/G detector double beam spectrophotometer. 
High-resolution transmission electron microscopy 
(HR-TEM) studies were conducted by drop-coating 
AuNPs onto carbon-coated HR-TEM grids performed 
by JEOL 3010 operated at an accelerating voltage of 
300 kV. X-ray diffraction (XRD) pattern of AuNPs 
powder was obtained using a Rigaku smart lab 
instrument operated at a voltage of 9 kW and a 
current of 30 mA with CuKa radiations. The surface 
morphology and elemental analysis of AuNPs were 
analyzed by field emission scanning electron 
microscopy (FESEM) performed by SUPRA 55–
CARL ZEISS, Germany instrument equipped with an 
energy dispersive X-ray analysis (EDAX) attachment. 
 
Antibacterial studies  
The antibacterial activity of AuNPs was analyzed 
by agar well diffusion method. The MHA was used as 
a source for culturing E. coli and S. typhi. After 
solidification, about 5 mm diameter of agar wells was 
created for this assay by a well borer. The culture was 
swabbed on the MHA media with a sterile cotton 
swab. Two different concentrations (20 µg/mL and  
40 µg/mL) of AuNPs and 20 µg/mL of the  
S. tenerrimum extract were added into E. coli and  
S. typhi plates. The plates were then incubated for  
24 h at 37 °C.  
The bacterial growth kinetics was studied to check 
the antibacterial effect of AuNPs. Approximately,  
1 mL of 106 cells of individual bacterial species was 
treated with AuNPs (20 µg/mL and 40 µg/mL) along 
with the seaweed extract-treated (20 μg/mL) group. 
The controls were maintained with the seaweed 
extract. The growth rates were determined by 
measuring the OD at 600 nm at an interval of 3 h for 
24 h.  
The potential cytotoxic effects of AuNPs were 
assessed by testing the bacterial cell membrane 
integrity using LIVE/DEAD® BacLight™ Bacterial 
Viability Kit (Molecular Probes, Eugene, USA). The 
stained bacteria were then examined under the 
epifluorescence microscope with Eclipse 80i, Nikon, 
Japan. 
 
Results and Discussion 
The formation of AuNPs was confirmed by the 
appearance of a ruby red color and change in the 
surface plasmon resonance. The color change was 
observed within 10 min indicating the formation of 
AuNPs (2.5 mL of S. tenerrimum with 5 mL of 
chloroauric acid). The color change is attributed to the 
collective oscillation of free electrons induced by an 
interacting electromagnetic field in metallic 
nanoparticles31. Figure 1 shows that the UV–vis 
spectra recorded at 526 nm corresponds to the 
  
Fig. 1 — UV–vis spectrum taken for the mixture of 1 mM
chloroauric acid solution and different concentrations of 
S. tenerrimum extract. 
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formation of AuNPs. Further, there was no color 
change in the nanoparticles solution.  
The FTIR spectra of the S. tenerrimum extract  
(Fig. 2A) shows strong absorption bands at 3326, 3268, 
3208, 3075, 2959, 2837, 1634, 1614, 1495, 1398, 1286, 
1159, and 1031 cm−1. The FTIR spectra of AuNPs  
(Fig. 2B) that were synthesized using S. tenerrimum 
shows strong absorption bands at 3391, 3329, 3215, 3086, 
2922, 1648, 1614, 1456, 1400, 1287, 1159, and 1087 
cm−1. Comparison of both the FTIR spectra (Figs 2A and 
B) implies that the changes in the peak at 1634 cm−1 
corresponding to stretching vibrations of carboxyl group 
moves to a higher wave length (1648 cm−1). The peak at 
1648 cm−1 indicates the role of amide I group from 
biomolecules, probably from proteins that are present in 
the algae32. The result indicates that the carboxyl 
functional group is the active site in the reduction of 
AuCl4− into AuNPs and the peak at 3326 cm−1 moves to 
  
Fig. 2 — FTIR absorption spectra of S. tenerrimum before (A) and after the bioreduction of chloroauric acid (B). 
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3391 cm−1 indicating that the NH2/OH functional group 
binds to the AuNPs surface. Badaturuge et al. studied the 
role of extracellular polysaccharides and tannins in the 
stabilization of nanoparticles33,34. 
The morphology and size of the AuNPs determined 
by HR-TEM images are shown in Figures 3A and B. 
Some AuNPs were spherical in shape, whereas the 
others are shaped hexagonally. The nanoparticles 
formed ranges in size between 10 and 40 nm. Figure 4 
shows the XRD pattern of the AuNPs obtained using  
S. tenerrimum. The XRD spectra of four intense peaks 
at (111), (200), (220), and (311) observed in the 
spectrum concurs to the Bragg’s reflection of AuNPs. 
The average size of the AuNPs was calculated using 
Debye–Scherrer35. Diffraction peaks were observed in 
the 2θ range of 20–80° which can be indexed as (111), 
(200), (220), and (311) reflections of fcc (face-centered 
cubic) structure of metallic gold (JCPDX No: 04–
0784) revealing that the synthesized AuNPs are 
composed of pure crystalline gold.  
FESEM shows that the synthesized AuNPs 
particles (Fig. 5A) range in size between 10 and 45 
nm and are not in direct contact even within the 
  
Fig. 3 — HR-TEM images (A and B) indicating the presence of 
spherical shape nanoparticles. 
  
Fig. 4 — XRD pattern obtained for S. tenerrimum-mediated AuNPs. 
 
  
Fig. 5 — (A) SEM image showing biogenic gold nanoparticles
and (B) EDAX images showing the presence of AuNPs and
bioorganic components of S. tenerrimum. 
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aggregates, thus indicating the stabilization of  
AuNPs by capping agents36. In EDAX, strong  
signals were observed for the gold atoms in the 
AuNPs and weaker signals were observed for chloride 
and oxygen atoms (Fig. 5B). It is shown that the 
presence of stabilizing agents originated from 
biomolecules of S. tenerrimum extracts37,38. 
Two different concentrations of AuNPs were 
synthesized using S. tenerrimum (20 µg/mL and  
40 µg/mL). The S. tenerrimum (20 µg/mL) extract 
was tested against two Gram negative bacteria, 
namely, E. coli and S. typhi (Figs 6A and B). It is well 
known that E. coli can cause gastroenteritis,  
urinary tract infections, and neonatal meningitis39,40. 
S. typhi is the causative agent for typhoid fever,  
which is a widespread obligate pathogen causing 
potential lethal infections41,42. The synthesized  
AuNPs show the antibacterial activity against both  
E. coli and S. typhi. The zone of inhibition was 
measured to be 7 mm and 9 mm for 20 µg/mL, 9 mm 
and 11 mm for 40 µg/mL, and there is no zone of 
inhibition for the seaweed extract. The zone of 
inhibition increases at higher concentrations of AuNPs 
as shown in Figures 6A and B.  
The bacterial growth was investigated with 106 
cells with different concentrations of AuNPs. The 
growth of the bacteria was monitored for every 3 h. 
Figures 7A and B show that the number of cells 
decreases as the concentration of AuNPs increases. 
There is no growth of inhibition in cells that are free 
of AuNPs. Gram negative bacteria have a negatively 
charged cell wall – a characteristic that is 
hypothesized to influence the interactions between the 
cell walls of the bacteria and nanoparticles or ions 
released from them. A potential binding of a high 
number of nanoparticles on these negative anionic 
domains may increment the focal toxicity because of 
the relatively high nanoparticles concentrations in 
these areas43,44. Figures 8A and C shows fluorescence 
green whereas the control cells indicating the viability 
of cells. The dead cells are indicated by a 
fluorescence red color as shown in Figures 8B  
and D. Fluorescence red occurred in highly degraded 
cells and the shift was not obligatorily linked to 
viability when the cells were killed by AuNPs44,45. 
The following are the possible mechanisms  
that can be associated with the antibacterial activity  
of AuNPs:  
(i) The interaction between the nanoparticles and 
bacteria leading to the production of increased 
levels of reactive oxygen species (ROS) and 
(ii) The deposition of the nanoparticles on the surface 
of bacteria, and the accumulation of AuNPs on 
the periplasmic region causing interference  
of the cellular function and inadequacy of 
membranes2,46. 
  
Fig. 6 — Antibacterial activity of AuNPs against Gram negative
organisms E. coli (A) and S. typhi (B). 
 
  
Fig. 7 — Growth kinetics study of E. coli and S. typhi when 
subjected to the AuNPs (20 µg/mL and 40 µg/mL). 
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Conclusion 
In this study, we have demonstrated the 
extracellular biosynthesis of AuNPs using S. 
tenerrimum extract. The characterization of the 
synthesized AuNPs by UV–vis, FTIR, HRTEM, 
XRD, and FESEM analyses confirms the reduction 
and it is believed that carboxyl group has played an 
important role in the stabilization of AuNPs. The 
synthesized AuNPs exhibited strong antibacterial 
activity against E. coli and S. typhi.  
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